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COMPOSITION AND METHOD FOR DEPOSITION 
OF HIGH-K DIELECTRIC FILMS 

SUMMARY: 

This invention relates to a chemical formulation and method for deposition of high-k (high 
dielectric constant) thin films on substrates. 

BRIEF DESCRIPTION: 

This invention relates to an improvement in semiconductor manufacturing technology. In 
the current integrated circuit manufacturing schemes, the transistors employ a thin 
dielectric between the source and drain regions. As device dimensions shrink, the 
thickness of this dielectric (also referred to as the gate dielectric) will shrink 
proportionally, but a very thin gate dielectric will not possess the required reliability due to 
unacceptable leakage currents. This problem can be solved by replacing the current 
dielectric with a material of higher dielectric constant. Compounds of hafnium, such as 
hafnium oxides, hafnium silicates and hafnium silicon oxy nitrides are currently the most 
promising high-k gate dielectric choices. This invention provides a method and 
composition for depositing thin high-k dielectric films. 

BACKGROUND: 

1. Chlorine mobility during annealing in N/sub 21 in ZrO/sub 21 and HfO/sub 21 films 
grown by atomic layer deposition by Ferrari, S.; Scarel, G.; Wiemer, C; Fanciulli, M. 
[Journal of Applied Physics, VOL. 92, NO. 12, 15 Dec. 2002, PP. 7675-7] 
In this article, it is indicated that any chlorine incorporated in hafnium oxide films is 
extremely stable, which is an undesirable attribute. In contrast, the present invention 
uses precursors that are completely chlorine free, thereby avoiding any issues with 
chlorine inclusion in the film. 



Page 1 



»»..... j- j «.., ■ ■oo-»r> «. "=v\l ■ — nofoHocp o" 01/11/2005 



2. Method of forming a silicate dielectric layer ; INVENTOR(S)- Jenq, Jason, Jyh-Shyang 
Ping-Tung City; PATENT APPLICATION NUMBER- 136349/10; DATE FILED- 2002-05- 
02 

This application relates to a method for forming a silicate dielectric layer. The first is to 
form a silicate layer on the substrate of the wafer by using a physical vapor deposition 
(PVD) procedure. The silicate layer is a hafnium silicate (HfSi) layer or a zirconium 
silicate (ZrSi) layer. Then the silicate layer is treated to become a gate dielectric layer or 
an inter-layer dielectric layer which has higher a dielectric constant by using a rapid 
thermal annealing (RTA) procedure in a environment which is filled of nitrogen or 
ammonia. The drawback of this procedure is the use of physical vapor deposition, which 
does not produce very conformal films. 

3. PAJ 02-01-02 02053960 JP CVD RAW MATERIAL COMPOSITION FOR 
DEPOSITING ZIRCONIUM AND HAFNIUM SILICATE FILM, ITS PRODUCTION 
METHOD AND METHOD FOR DEPOSITING SILICATE FILM USING THE SAME; 
INVENTOR(S)- KADOKURA, HIDEKIMI; TAKESHITA, KATSUNORI; PATENT 
APPLICATION NUMBER- 2000272283; DATE FILED- 2000-08-04; 

To provide a metallic alkoxide raw material composition for depositing a zirconium silicate 
or hafnium silicate film useful as a gate insulating film by a CVD method, further to 
provide its production method and to provide a film deposition method using the same 
composition. Zr(OtBu)4+Si(OtBu)4 or Hf(OtBu)4+Si(OtBu)4 is suitable as a CVD raw 
material composition since the same is present as one liquid in the vicinity of room 
temperature, and the vaporizing characteristics and thermal decompositing 
characteristics of the components are close. The drawbacks of this method are the 
following - (a) use of liquid silicon source which has to be premixed with the metal (Hf or 
Zr) source, allowing very little control over the film composition (b) the silicon source has 
additional carbon in the ligands, which will lead to increased carbon content in the high-k 
film. 
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4. PAT 06-04-02 06399208 Source reagent composition and method for chemical 
vapor deposition formation or ZR/HF silicate gate dielectric thin films; INVENTOR(S)- 
Baum, Thomas H.; Paw, Witold; PATENT NUMBER- 06399208; PATENT DATE- 2002- 
06-04 

A precursor composition for forming a zirconium and/or hafnium silicate film on a 
substrate, e.g., by chemical vapor deposition (CVD). Illustrative precursor compositions 
include (1) a first precursor metal compound or complex including a silicon alcoxide 
(siloxide) ligand coordinated to a metal M, wherein M=Zr or Hf and (2) a second 
precursor metal compound or complex including an aliphatic alcoxide ligand coordinated 
to a metal M, wherein M=Zr or Hf, wherein the relative proportions of the first and second 
precursors relative to one another are employed to controllably establish the M/Si ratio in 
the deposited silicate thin film. The drawback of this method is that while the relative 
amounts of Si and Hf (or Si and Zr) in the final film are somewhat controllable by the 
relative amounts of precursor (1) and (2) as noted above, the control is still limited by the 
actual composition of precursor (1) which contains both the Si and Metal (Hf or Zr). 

5. APL 2003-06-19 200301 11678/US-A1 CVD deposition of M-SION gate dielectrics; 
INVENTOR(S)- Colombo, Luigi Visokay, Mark, R. Bevan, Malcolm, J Rotondaro, 
Antonio, LP. TX, US; PATENT APPLICATION NUMBER- 184521/10; 341521/60; DATE 
FILED- 2002-06-28 

A method for forming a high-k gate dielectric film (106) by CVD of a M-SiN or M-SION, 
such as HfSiO. Post deposition anneals are used to adjust the nitrogen concentration. A 
method for fabricating an integrated circuit, using the steps of: providing a partially 
fabricated semiconductor body; and forming a gate dielectric by: chemical vapor 
deposition of a high-k film comprising metal, silicon, and nitrogen a surface of a 
semiconductor body using a silicon precursor selected from the group consisting of 
tetrakis(dimethylamido)silicon and tetrakis(diethylamido)siIicon, a metal precursor 
selected from the group consisting of tetrakis(dimethylamido) metal and 
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tetrakis(diethylamido)metal, where metal is Hf, Zr, La, Y, Gd, Eu, or Pr; and a nitrogen- 
containing precursor. The drawback of this invention is the use of liquid phase precursors 
for both the silicon and hafnium source. Liquid phase precursors can lead to formation of 
residue in the vaporizer and the co-deposition of hafnium and silicon may be affected by 
difference in the volatilities of the two precursors. 

PROBLEM SOLVED: 

The novelty of this invention is the use of a volatile silicon precursor which can be used in 
conjunction with a liquid phase hafnium or zirconium precursor for the deposition of 
hafnium/zirconium silicon oxy nitride films of desired stoichiometry. In addition to it 
possessing sufficient vapor pressure at room temperature to allow gas phase delivery, 
this precursor is also carbon and chlorine free. 

SOLUTION OF THE PROBLEM: 

This invention discloses a method for depositing films containing X-silicon-oxygen- 
nitrogen where X is typically Hf or Zr by using a mixture of a source of X (such as 
Hf(DEA)4), which is typically in liquid phase and a gas phase mixture of trisilylamine (a 
carbon and chlorine free silicon source), ammonia (nitrogen source) and nitrous oxide 
(oxygen source). The liquid phase precursor is injected into a system that vaporizes it into 
a gas phase, and enters the chamber where the substrate (on which deposition is 
needed) is placed at an elevated temperature (typically around 400 C). Simultaneously, 
trisilylamine, nitrous oxide and ammonia are introduced at controlled levels into the 
chamber. The reaction of various species in the chamber leads to the formation of a 
hafnium silicon oxynitride film on the heated substrate. The composition of such films can 
be controlled by varying the flow rates of each of the listed precursors. Because the 
silicon, oxygen and nitrogen sources in this invention are all carbon and chlorine free, it is 
possible to deposit a high-k film with excellent properties. 
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WHAT IS CONSIDERED IMPORTANT: 

A silicon source that is carbon and chlorine free and possesses the necessary 
characteristics required for deposition of a silicon nitride film at temperatures around 600 
C. 

A silicon source that possesses sufficient vapor pressure at room temperature to allow its 
delivery in vapor phase through traditional gas flow control systems. This provides 
significant stoichiometry control during the deposition process, which is not achieved by 
use of liquid phase silicon sources. 

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS: 

1. A composition and method for depositing high-k dielectric films with the composition 
M-Si-O-N where M is Hf, Zr, La, Y, Gd, Eu, or Pr. The composition includes: 



a. A silicon source which is: 

i.free of carbon and chlorine 

insufficiently volatile to allow vapor phase delivery to process tools 

b. A nitrogen source which is 

i. Free of carbon and chlorine 

ii. sufficiently volatile to allow vapor phase delivery to process tools 

c. A metal (M) source, where M is Hf, Zr, La, Y, Gd, Eu, or Pr 

d. An oxygen source which is: 

i. Free of carbon and chlorine 

ii. sufficiently volatile to allow vapor phase delivery to process tools 
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2. Additional features may include one or more of the following: 

a. The silicon source is trisilylamine 

b. The nitrogen source is ammonia 

c. The metal source is dialkylamino, alkoxy or inorganic compound of Hf, Zr, La, Y, Gd, 
Eu, or Pr 

d. The oxygen source is N20, Ozone or Carbon Dioxide 

e. The deposition process is a chemical vapor deposition (CVD) process at 
temperatures in the range of 400 - 900 C 

f. The deposition process is an atomic layer deposition (ALD) process 
3. PowerPoint presentation enclosed. 
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